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(71) We, NATIONAL RESEARCH 
DEVELOPMENT CORPORATION, a 
British Corporation established by Statute, of 
Kingsgatc House, 66 — ^74, Vittoria Street, 
5 London, S.W.I, do hereby declare die inven- 
tion for which we pray that a patent may be 
granted to us, and the mediod by which it is 
to be pezf Qtmed, to be particularly described 
in and by die following statement:— 

10 This inraxtion relates to insulin derivatives. 
As noore comprehensive methods for die 
detection of diatoes mellitus are introduced, 
and as the normal expectation of life becomes 
longer, die recorded incidence of diis disease 

15 is mcreasing steadily. Present treatment as- 
sists of dietary control usually in combination 
widi insulin injections or widi an oral anti- 
diabetic drug, and frequendy injections once 
or twice daily are necessary throughout the life 

20 of die patient. Even with sudi treatment the 
patient's blood sugar level varies considerably 
from normal necessitating a strict dieL Ord 
drugs are suitable only in mild cases of 
diabetes and are now* considered to have certain 

25 undesirable side effects. In addition to the 
above mentioned disadvantages of present 
treatment, a proportion of diabetics produce 
antibodies to insulin and become increasingly 
resistant to its action. 

30 It is desirable to produce therapeutic agents 
which provide better control of blood stigar 
level than those used in present methods ctf 
treatment. To this end, research has been 
pursued into the properties of insulin deriva- 

35 tives, a field in wbidi in spite of ^ efiEorcs 
of many investigators few definite conclusions 
have emerged hitherto, due largely to failure 
to separate and adequately idientify the in- 
dividual components of the complex mixture 

40 which results from acylanon and other re^ 
actions to which the parent insulins have been 
subjected. 

Our approach is directed towards the de- 
velopment of a range of insulin derivatives in 
45 vAiicb the combination of substituent groups 
is such as to give rise to an unproved pro^e 
of hypoglycaemic efiect In order to achieve 
this aim ^e of substitution at the primary 



amino group of the insiitin molecule is of the 
greatest importance, and in the specification 50 
of UK patent number 1,408,757 we describe 
a group of insulin derivatives including 
Bi (phenylalanine) - N - carbamyl insulin 
and also insulins in which die primary amino 
group d the Ai(^ycine) amino add tmit, and 55 
optionally also the primaiy amino group of 
one or both of the Bidihenylalanitte) and 
Bso (lysine) amino add units, carries a 
carham^ group. 

It has now been found diat carbamyl sub- 60 
stimtion of the primary amino group of the 
Bso amino add unit^ in the absence of sub- 
stimtion at die Ai and Bl groups, leads to a 
level of activity in die mouse convulsion assay 
which is comparable to that resulting from 65 
carbamyl sub^tiition at the primary amino 
group of die Ai, Bi, A^ and Bi or A], Bi 
and B21, amino add mm 

Acconlin^y die present invention ccHnprises 
an N-substitizted insulin in whidi the primary 70 
anouno group ai the B20 (lysine) amino add 
unit carries a carbamyl groi^>, N-substitution 
bdng absent from the primary amino group of 
the Ai (glycine) and Bi(phenylalanine) amino 
add units. 75 

Although further substitution of the mole- 
cule, cdier t^^ft" N-substimtion at the primary 
amino groi^y of the Ai and Bi amino add 
tmits, is envisaged as being within die scope 
d die present invention, die compound 80 
Baa (lysine) - N - carbamyl insulin in whidi 
only the Bsd amino group is substituted is 
itsd^ of particular interest 

Introduction of a carbamyl group 
(NHjCO— ) in accordance widi the invention 85 
to effect replacement of hydrogen thereby in 
the primary amino groi^ of tiie amino 
add unit is most conveniendy effected tiy an 
indirea route which invdves bloddng of the 
Ai and Bi amino groups, followed by 90 
carbamylation of die Bs^ amino group and sub- 
sequent removal of the blocking grot^s. 

Various bloddng groups may be employed, 
for example the trifluoroacetyl group. How- 
ever, it is preferred to use as a blocking group 95 
an acyl group whidi contains a carbosyl group, 
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said caxboz^ gnHq> beins linked tbrougb an 
unsatuiated caxtKm-caxboa bond to the 
cazbcmyl radical of ilie Bcyi group. Blockxog 
groiips of pardcolar interest are those comaiiH 

5 iiig an acyl group derived from maldc add or 
bma a substitiittd makic add ia vrtddi one 
or both of die sCH groG^ Inrdrogen atoms 
is xqilaced by a substituent The siibstituent 
may be, for example, an alkyl group of 1 to 

10 4 carbon atoms^ particularly of 1 or 2 carbon 
atoms, and iespedally methyl, or a substimted 
or unsubstituted alkyiene group of 3 or 4 
carbon atoms, particularly n-propylene and 
especially n-butylene, vMct links Ae two 

15 =CH groi^ carbon atoms to form a rii^. 
Sped&c blocking groups whidi may be us^ 
axe maleyl, monomethylmaleyl, dimethyl- 
maleyl, and 3,4,5»6-tetrahydrophthaiyl (these 
terms axe used herein to indicate monovalent 

20 zadlcals, for example maleyl is 

HOOC.CH=CH.CX>— ). 

The acyl bloddng groups described above, 
induding the trifluoroaoetyl group, may be 
introduced by various die procedures 

25 commonly employed for acylation. Thus they 
may be inserted by reaction of the insulin with 
the corresponding dicarbosylic add, for ex- 
ample in the presence of a carbodiimide xe- 
ag^ or widi a suitable functional derivative 

30 thereof, for example the add chloride or 
anhydride or an activated ester sudi as those 
with p-nitropbaiol or N-hydros^cdnimide. 
Acylation of insulins with dicarboxylic acid 
functional derivatives, for esample anhydrides, 

35 is very convenientiy amenable to control. If 
the reaction is carried out with a relativdy 
small exce^ of acylating agent, preferably of 
fitm 2 to 6 mdes per mole of insulin^ and in 
an aqueous medSinn at neutral or mildly 

40 alkaline pl^ for examjde 7 to 8, the reaction 
proceeds m high yidd widi die formaticm of 
the Ai3i-dist£5titmed derivative. At a pH 
in the ccmtemplated range the reacti(m is un- 
complicated by 0-acylation of tyrosine residues 

45 because stable 0-acyi derivatives are not 
formed under diese conditions. In most cases 
the resulting blocked derivatives may ccm- 
venientiy be separated from the reaction mix- 
tore by desalting followed by diromatographic 

50 separation, fur&er desalting and lyqphiliza- 
tiott. 

Lxtroducticm of ^ carbamyl group on ^ 
Bs» amino group may be effected with various 
carbamylating agents but alkali metal cyanates 

55 are preferred and in particular soditmi cyanate 
or especially potassium cyanate. As the Ai and 
Bi amino groups are already blocked a large 
esoess of die carbamylating agent may con- 
venientiy be used and to ensure a suitable 

50 rate of reaction it is preferred that die re- 
action medium is xdativdy concentrated in 
cyanate, for esan^ from 0^ to IM. 



The tnfluoroacetyl blocking group may be 
removed ddier at neutral pH U hydroxyiamine 
is employed for the purpose or at an alkaline 65 
pH Gf 10 to 11 if this is not the case. In 
contrast the caibosyl group-OAicaining acyl 
groups described above may be removed by 
add hydrdysis, the eamct conditions varying 
8(ttnewhat according to the group invdved. ?0 
It will be appreciated that the groups are 
desirably removable at a pH which is not too 
add, thereby avddii^ the possibility of re- 
action at other parts of the molecule, but which 
also are not too labile at a pH approadiing 75 
neutrality, thereby avoiding die possibility of 
premature removal of the group. Of die 
various groups, the tetrahydrophthalyl and 
mdeyl groups, and espedally the monoethyl- 
maleyi group particulariy fulfill these con- 80 
dttions. Thus these groups are preferably re- 
moved, in an acceptable time span, by die 
use of a pH in the rangp from 3 to 4, particu- 
larly about 3.5. The monomethylmaleyl group 
is removable at a pH of 3.5 and a temperatuie 85 
of 37** C in about 18 hours wbSkt the maleyl 
and tetrahydrophthayl groups require from 
90 to 180 hours tmder the same conditions. * 
The dimethyhnalej^ group and similar groups 
are less suitable^ firsdy since diey show some 90 
d^ree c£ lability even at a pH of 7 and 
sec(HidIy as ihey require treatment at an add 
pH, for esam^ 3 J, then an alkali pH, for 
example 9.5, then again at an add pH, for 
example 3J, to effea full removal of the 95 
group (this is bdieved to be due to die forma- 
tion of an intermediate of a different type to 
diat obtained with the other acyl groups). 
Preferably, the medium for Meeting die de- 
acylations contains guanidine hydrochloride, JQO 
since this solubilises the insulin derivative 
which would otherwise generally not be 
sof&dendy sdnble at a pH of about 3.5 due 
to the mfluence of two acyl substituems. 
Suffident guanidine hjnirDchloride is used to 105 
effect sdutio]^ a ctmcentratitm ik about 5M 
in the reaction medium being preferred. 

The present invention is applicable to 
various forms of insulin and particularly the 
porcine and bovine insulins which have been 110 
used dinically for many years in die treatmem 
of diabetes and odier disorders. It is also 
applicable to syndietic insulins of this type and 
to synthetic human insulin. As with the parent 
insulins, zinc may be present in some fom in 115 
N-sobstitaced in»ilins according to die present 
invention. Sudi insulins may be foxmulattd 
as pharmaceutical preparations in the same 
way as the parent insulins and may be used 
dinically at lower, comparable, or higher 120 
dosage levels. Thus the normal daily dosage 
of iz^ulin is from 20 to 80 international umts 
per day for adults, and for resistant patients 
more than 200 units and in some cases over 
500 units of standard instilin The derivatives 125 
of this invention can be prepared as solutions, 
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suspensions, or £ree2se-dried preparations. A 
typical soimiQn formolatton is of a neutral or 
pbysiQlpgical pH and contains sodium acetate 
- 0.136% w/v, sodium diloride 0.7% w/v and 
5 metfayl hydrcncybenzoate 0.1% w/v in 
pyrogen-fm water. 

Altbougi) it is most often advantageous to 
piqKixe Bto — ^N-^carbamylated insulin in 
su b stan t iall y pure fonn, i«e. substantially free 
IQ ' from by-products of manufactorey it is never- 
tiieless possible to administer die compound as 
one component, for example ibe major one by 
weight of a mizcuie of insulin derivatives. Such 
a mixture may be obtained from tbe 
carbamylation reaction or more preferably 
by admixture of a physiolc^cally acceptable 
substantially pure Bxo*N-carbamyiated insulin 
with odier iosulin daiv ad vcs, or widi insulin 
itself. Tbe use of sucii mixcures can lead to 
optimisation <tf effects or odier advantageous 
control of diexapy. 

Accordingly the present invention further 
includes a pharmaceutical preparation whidi 
is preferably one for parenteral administra- 
25 tion^ comprising as an active ingredient an 
N-substituted insulin as defined above, to- 
gether witii a plQ^iologicaDy acceptable 
diluent or earner. 
The uivendon is illustrated by the f oilow- 
30 ing Examples: 

EXAMPLE 1: 
Preparation of B2o(lysine)<*N-caxbamy!insuIin. 
(a) Ai,Bi-N,Ni-i(nietiiyhnaleyl)insi^ 

A sdtttion of zinc-fr^ nisulin (115 mg, 
2Q|u mole) in O^M i^osphate buffer of pH 
7.0 (6 xol) is treated with a solution d 
methyl maleic anhydride (4.5 mg, 40^a mole) 
in ax^ydrous dioxan (0.4 ml) and the reaction 
nuxture is stirred at room temperature for 2 
hours. The resulting mixture of N-methyl- 
male^ insulins is desalted by gel filtration m 
a cohnm (35 cm x 2.5 cm) of Sef^dez G— 
25 (coarse grade) in 0.05% N-ethylmoridio- 
line at pH 9.0 and isolated by lyophilization. 
^5 The fr^e-dried mixture is dissdved in 5 ml 
of 0.08M tris chloride [tris is an abbreviation 
for tris(N-hydrQxymctiiyl)amino methane] of 
pH 7.5 containing 8M urea (freed from 
cyanate by acidification) and added to a 
50 DEAE (Die±yiaminoethyl) Sephadex (regis- 
tered Trade Mark) A— *25 colunm (80 cm x 
U cm) whidi is equilibrated and developed 
hiitially with 200 nd of the same buffer. A 
linear gradient of ctis dhloride is tiicn applioi 
55 to the column up to a limiting concentration 
of 0.25M by passing 025M tris d)ioride into 
a mixing vessel containing 250 ml of tiie start-* 
ing buffer. The fiow rate used is 15 ml per 
hour and the dution of material is monitored 
via the UV absorption of the eluate. Using 
this chromatographic procedure, the Ai^Bi- 
K>N^-di(methylmjaleyl) insulin is duted from 
the coiuxnn after the unreacted insulin, the N- 
mQnometl:7lmale3i insulins and Ai^so-N^N*- 
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di(mediylmaleyl) insulin. Desalting in a 55 
similar manner to that described above, 
followed by lyophilization gives a yield of 55 
mg, the presence of the free e^NHs being 
mnfinmed by trypsinisation and die absence d 
free o— NH^ by lack of caxfaamyiatian. 70 



(b) Ai3i - - di(methyimaieyl) - Bi,- 
N^'-carbamylinsuIiiL 

A solution of 'Ai3i-NJ^*-di(meibylmaleyl) 
insulin (11 mg) in 3 ml of 0.5M tris HQ 
buffer chloride at pH 8.5 is mixed with 3 ml 7*) 
of aqueous IM potassiinn cyanate and the re- 
action mixture is allowed to stand at room 
temperature for 16 hours. Monitoiing of tlie 
degree of reaction by trypsinisation of an 
aliquot of the reaction nuxture (for detection on 
d free «— NH,) typically shows 90% ^ 
carbamylation at this sage, llie reaction mix- 
ture is desalted by addition to a column of 
S^jadex G— 25 operated witii 02% v/v N- 
ethylmotpholine as duant and the protein is ^5 
ist^ted by lyophilization of the duant. 

(c) Bso-N-caibamylinsulin. 

ITie freeze-dried residue from (b) above, 
containing Aj3i - - di(meihylmaleyi)- 
B2o-N''-carbamylinsulin, is taken up in 3 ml 90 
of IM sodmm dtrate d pH 3JS wfaidi is 5M 
in guaitidine hydrodiloride, and incubated at 
37* C for 14 hours. The mixture is neutralised 
by die addition of IM tns HQ dilonde of 
pH 9.5 and then desalted using a colunm of 95 
Sephadex G— 25 witii 0J2% v/v N-etiiyl- 
moriAolinc as eluant The protein is isolated 
from tiie duant by lyophilization and tiie 
freeze-dried material is taken up m 2 ml of 
0.08M tris HQ chloride erf pH 7.1 which is 100 
8M in urea (freed from cyanate by addifica- 
tion) and added to a DEAE Sei^adex A— 25 
cdumn (40 cmx 1.5 cm) which is equilibrated 
and developed mitially wiib the same buffer 
and dien widi a linear gradient of NaQ 105 
from 0 to 02bL The dution of the cdumn 
is followed by measurement oi £277 in the 
UV nmg^ the dnate being coflected in a 
series of tiibes as fmctions of volume 2 ml 
The Bsg-N-carbamylinsulin typically emerges no 
at about tube 25 and is the ma;or peak of UV 
absorbing material from the column. The 
Actions containing this compound are com- 
bined, desahed tising a cotkmn of Sephadex 
&— 25 widi 0.2% v/v N-ediyl morpholine 115 
as elnam and lyopfailized to give Bs«-N- 
caxbamyl insulin in 6 J mg yield, the com- 
pound being diaracterised by trypsinisation 
(no detectaUe rdease of alanine and hence 
no free e^KHj) and carbamylation (two free 120 
a— KHs). The CQmpound moves as a single 
band on pdyaaylamide dectrophoiesis at pH 
8.5 in 8M urea. 



EXAA4PLE2: 
Preparation of Big(lysine)-N-caibam^insuIin. 
Li vanadons of die procedure tssed in Ex- 
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an^e 1^ mate^, teoahydxqdnfaalyl or di- 
memylmaleyi Uocking gravips axe used in 
place mediylznaleyl Uoddng groi:^ 
The Ai3i-N:^-di8ubsdtixted insulm is in 

5 each case prepared by a similar procedure to 
ifaat described in Example 1(a) using the 
same molar propcotian of the appropriate 
anhydride, widi the exc^on that in the case 
of die dimethylmaleyl blocking group die re- 

10 action is effected at a hi^er pH of about 9.0 
to prevent labilization and the derivative is 
isolated by an altemarive technique consisting 
of desalting at pH 10 on a C0,*?/HC03^ 
column followed by lyophilization. 

15 The Ai3i • - disubstimted - Bj,r 
N^^-cazbamylinsultn is in each case prepared 
. by a similar procedure to that described in 
Example 1(b) with similar variations in die 
case of the dimeihylmaleyi group to diose 

20 described above. 

Removal of die blocking groups requires 
some modification in each case of die con- 
ditions given in Example l(c)y the maleyl and 
tetrahydrophthalyl groups requiring treatment 

25 at 37** C in IM sodium citrate of pH 3.5 
wiiich is 5M in guanidint hydrochloride for 
approximately ten times as long as given in 
that Example, and the dimediylmaleyl group 
requiring treatment at pH 3 J^, then at 9.5, 

30 fliaa a g a i n at pH 3.5. The working up pro- 
cedure to provide B2{i-K-caxbam3iimulin is in 
each case similar to that described In Ex- 
ample 1(c). 

WHAT WE CLAIM IS:— 
35 1. An N-substituted ixisulin in which the 
primary amino group of the Eg., (lysine) amino 
add unit carries a caibamyl group, N-sub- 
sumtion being absent from die primary amino 
group of the Ai (glycine) and B: (phenyl- 
40 alanine) amino acid units. 

Z B2fl(lysinc)-N-Carbamylinsulin. 

3. Physiologically acceptable substantially 
pure Bs9(lysine)-N-carbamyIinsuIin. 

4. A process for the prq>aranon of an N- 
45 substituted msulin accc^ng to daim 1, which 

comprises reacting an insulin in which the 
primaiy amino group of each of the At and 
Bi amino add units is substituted by a block- 
ing group widi a carbamylating agent to effea 
50 carisamyiation of the primary amino group of 
the B2Q aniino add unit, and hereafter re- 
moving said blocking groups on the Ai and Bi 
amino add units. 

5. A process for the preparation of an N- 
55 substxtmed insulm according to daim 1, 

vAddk comprises removing the Ai and Bi 
amino add blocking groi^ from an insulin 
in which the primary amino groiip of each of 
the Ai and B2 amino add units is substituted 
60 by a bloc^g group and die primary amino 
^oup of the Bs, amino add unit carries a 
carbamyl group. 

6. A process according to Claim 4 or 5, in 
which the N-substimted insulin obtained by 



die process is B2g(lysine)-N-carbamylinsulin. 55 

7. A process according to Qaim 4, 5 or 6 
in whidi the bloddng group is nxfiuoroaceQ^. 

8. A process acconiii^ to Qaim 4, 5 or 6 
in which the blocking group is an acyl group 
wfaidi contains a cazfoosyl gnMq>, said carboxyi 70 
group being linked throu^ an unsaturated 
carbon-carbon bond to the carbonyl radical of 
the aqrl group. 

9. A process according to Qaim 8, in whidi 
the bloddng group is a mono-valent acyl 75 
radical derived from a dicarfso^c add 
sdected from maldc add and mono- and di- 
substituted maldc adds. 

10. A process according to Qaim 9, in 
whidi die blocking group is a mono-basic acyl 80 
residtie of a dicarboi^lic add sdected from 
maldc add and substimted maldc adds in 
whic^ one or bodi of the =sCH groups is 
substituted by an alkyl group of 1 to 4 carbon 
atoms or in which both ssCS groups are sub- 85 
stimted by an alkylene group of 3 or 4 carbon 
atoms whldi links them to form a ring. 

11. A process according to Qaim 10, in 
\diidi the blocking group is maleyl, mono- 
methylmaleyl, dimethylmalyl or 3,4,5,6-tetra- 90 
bydrophthalyL 

12. A process according to Qaim 11, in 
whidi the blocking group is monomediyl- 
maleyL 

13. A process according to Qaim 4 or any 95 
of Qaims 6 to 12 as dependent on Qaim 4, 

in v^cfa cari^amylation is effected widi an 
alkali metal cyanate. 

14. A process according to Claim 13, in . 
whid^ carbomj^tion is effected with potassium IQQ 
cyanate. 

15- A process according to Qaim 7 or 
Qaim 13 or 14 as dependent on Qaim 7, in 
which die trifiuoroacetyl blocking group is 
removed by a treatment comprising die use 105 
of hydrQ3^1amine at neutral pH or of 
hydrolysis at a pH of 10 to 11. 

16. A process according to any ci Claims 8 
to 12 or Qaims 13 to 14 as dqiendent on 
any of Qaims 8 to 12, in whidi the acyl block- 110 
ing group is removed by a treatment com- 
prising the use of hydrdysis at add pH. 

17. A process for the preparation of an N- 
substitttt^ insulin according to Claim 4, sub* 
stantially as described in Example 1 or 2. 115 

18. A process for the preparation of an N- 
substimted insulin according to Qaim 5, sub- 
stantially as described in Example 1 or 2. 

19. An N-substimted insulin whenever pre- 
pared according to the process of any of 120 
Qaims 4 to 18. 

20. A pharmaceutical preparation which 
cmnprises as an active ingredient diereof an 
N-substituted insulin according to Qaim 1, 
togedier with a physiologically acceptable 125 
diluent or carrier. 

21. A pharmaceutical preparation accord- 
ing to Qaim 20 in a form for parenteral 
administration. 
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22. A pbannaceatical prq}aration aooird- STEPHENSON, 

ing to Oaiin 20 comprisiijg an N-substhuted Chartered Patent Agent, 

insulin according to aiQr of Claims 2, 3 and Agent for die Applicants. 
19 as an active ingredient tisereof. 
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